ABSTRACT: At one equatorial fixed position occupied 4 times in 1 yr, 31 in situ uptake experiments were performed with nitrate or ammonium in parallel with carbon fixation incubations. When NO; concentration exceeds 0.1 ymole in seawater, nitrate uptake is strongly related to the chlorophyll a abun4ance. Carbon fixation is also related to chlorophyll a. Hence, chlorophyll a Would be the best index to predict both new and total production. From 5 to 25 % of the phytoplankton nitrogen needs would be satisfied by nitrate uptake according to the chlorophyll abundance. Specific nitrate uptake rate is correlated to both light and temperature, but there is no significant relation between nitrate uptake and NO; concentration, which suggests no nitrate limitation when ambient NO; exceeds about 0.2 ymole. In the mixed layer without detectable nitrate, results suggest only low nitrate assimilation. For high 15N enrichment, the maximum nitrate uptake rate was 0.0016 mmole m-3 h-' on average in such waters. Total nitrate uptake rate in the photis zone ranges from 1 to 5 mmole m-2 d-l. Specific ammonium uptake rate is closely coupled to tracer addition. However, it is generally maximum in subsurface and decreases downwards for a fixed 15N enrichment. Size fractionation experiments suggest that the < 3 pm phytoplankton have a preference for ammonium, and the larger ones a preference for nitrate. Previous studies have shown that the > 3 pm organisms are only relatively numerous in the chlorophyll maximum whereas picoplankton predominates in the mixed layer but also in nitrate rich waters. Consequently, in this region ammonium would be the principal source of nitrogen for natural assemblages of phytoplankton within the whole euphotic layer.
INTRODUCTION
One of the main objectives of deep-sea ecological research is to quantify the global ffux of carbon due to biological processes. The amount of carbon passing from mineral to organic form by photosynthesis represents the gross primary production. Nutrients required by this production come from 2 principal sources: inputs of nutrient-rich deep waters by upwelling and eddy diffusion (= new production) and regeneration of nutrients by heterotrophs within the euphotic layer (= regenerated production) (Dugdale & Goering 1967 , Eppley & Peterson 1979 . In pelagic ecosystems, on large time and space scales, new production is just in balance with output of particulate matter which sinks below the photic layer (Dugdale 1967 , Eppley et al. 1983 . Hence, new production represents the true fertility index of a given region. The 15N tracer would be the required tool to measure both new and regenerated production (Dugdale & Goering 1967) . However, one 0 Inter-Research/Printed in F. R. Germany major problem using the 15N method in the field consists in estimating nitrate or ammonium uptake rate in the open ocean where phytoplankton biomasses are low and inorganic nitrogen concentrations often undetectable (McCarthy 1980 , Goldman & Glibert 1983 ). The experimental conditions are then crucial and must be considered when interpreting results.
To get estimates of carbon and nitrogen fluxes in the whole euphotic zone, incubations were carried out in situ, which is the simplest way of optimally reproducing natural environmental conditions, particularly temperature and light. From the surface to the bottom of the euphotic layer, temperature decreases by about 10 C" in the equatorial Atlantic ocean, which is significant for photosynthesis and growth (Eppley 1972 , Li 1980 . Furthermore, light spectra are known to change with both depth and the amount of organic matter present in sea-water (Morel 1978 , Prieur & Sathyendranath 1981 . Recently, 'Glover et al. (1985) have demonstrated that blue and green gght at depth was 31 JAW. 1989 0171-8630/86/0030/0167/$ 05.00
ORSTOM Fonds Documentaire utilized more efficiently by picoplankton than by many larger algae. The difference between inorganic nitrogen uptake measured under in situ and simulated in situ conditions was found to be rather small in the northwest African upwelling region (Slawyk et al. 1936) . The difference however is expected to be higher in the open tropical oceans where picoplanktongredominates (Li et al. 1983 , Herbland et al. 1985 ) and the thermocline is well marked.
If accurate estimates of phytoplankton biomass and production are difficult to obtain in oligotrophic waters, an ecological analysis of the relations between primary production and the main factors affecting this production needs above all that measurements are strictly reproducible. Biomass is undoubtedly the prime factor to consider when interpreting production data. Primary production is of course proportional to biomass if variations of the latter are only quantitative, and not qualitative. One measurement of production for one given biomass would be theoretically sufficient to predict production for any other biomass of the same nature under similar environmental conditions.
In fact, reality is much more complex, particularly because of the numerous possible physiological changes of the plankton, and because of imperfect production and biomass measurements. One given method of productiòn measurement provides only very poor information if applied on only one sea-water sample. On the contrary, the use of several independent methods to measure biomass and production in the same water sample is expected to be much more profitable for a better understanding of the structure and functioning of the marine ecosystem (see for example Laws et al. 1984) . In the present study, priority was given to the number of production data collected (I4C and *5N methods). To be comparable, all these data were obtained at the same geographic position, simultaneously with, measurements of biomass (chlorophyll 
METHODS
We present here results from 33 d measurements of situ nitrogen uptake, of which 31 were made at the same fixed position (Oo, 4 OW) in the middle of the Gulf of Guinea. This study was performed during 4 different cruises on the RV 'Capricorne' (Table 1) .
Water for measuring nutrients, chlorophyll, particulate matter and primary production was sampled before sunrise with a 30 1 Niskin bottle at 8 levels in the euphotic layer, between the surface and 7 0 m depth.
Methods used (15N excepted) were described in more detail in a previous paper (Le Bouteiller & Herbland 1984) . Nutrients (NO,, NO;, NH:, POT-and at times urea) were immediately analyzed with a Technicon Autoanalyzer (Strickland 8i Parsons 1972) . Chlorophyll a collected on a Whatman GF/C filter was measured on acetone extracts with a fluorimeter Turner (Yentsch & Menzel 1963) . Particulate matter was sampled before incubation by filtration of 2 1 samples through Gelman Type A filters. For carbon and nitrogen, a CHN analyzer (Hewlett Packard) was used, and the method of Menzel & Corwin (1965) was applied for phosphorus assessment. Seawater for production measurement (14C method: Steemann Nielsen 1952) was filtered through a 200 p mesh net and incubated in situ in 300 ml Pyrex bottles from sunrise to sunset (mean duration: 11 h). Particulate matter was collected on Sartorius filters and radioactivity was counted by the liquid scintillation technique. Water for nitrate, ammonium or urea uptake measurement was also filtered through a 200 pm mesh net and poured into 11 1 (SOP and CIPREA 2 cruises) or 6 1 (CIPREA 4 and 5 cruises) Pyrex bottles. From 0.09 to 1.79 mM mU3 of (95 YO I5N enrichment; Cadarache-France) was added to each flask so that from 10 to 35 YO 15N-NO, enrichment was obtained in the water for samples collected below the top of the nitracline (MacIsaac & Dugdale 1969) , and nearly 100 YO enrichment in the nitrate-depleted layer. During in situ incubation in parallel with carbon fixation, from 10 to 15 YO of the added nitrate was consumed by phytoplankton in the mixed layer, and less than 5 YO in the nitracline.
Ammonium additions ranged from 0.01 to 3.57 mMm-3. Samples were filtered on Whatman GF/C firters and analyzed in a mass spectrometer. Calculations and appropriate corrections were made according to Dugdale & Goering (1967) and Pavlou et al. (1974) . V.(unit h-l) is the specific nitrogen uptake rate, and p(unit "ole Nm-3h-1) is the absolute nitrogen uptake rate. p = V multiplied by particulate organic nitrogen. As suggested by MacIsaac & Dugdale (1969) , the particulate nitrogen should be enriched by at least 1 YO 15N for optimal mass spectrometry utilization, So, only samples having a 15N excess 3 1 YO in the particulate fraction were considered. Hence, some samples from the bottom of the euphotic layer were excluded. In the nitrate-depleted layer, ammonium concentrations below 0.05 mM m-3 were considered as O in calculations, because of the poor .accuracy of the ammonium analysis for these levels. For deck incubations, samples were collected at about 1000 h (local time). Subsamples were filtered through a 3 pm Nuclepore filter, a 35 pm and a 200 pm mesh net respectively, and poured into 11 1 bottles. A 3 YO nickel screen covered the incubator cooled with surface sea-water.
Comparison of Gelman Type A with Whatman GF/C filters showed 2 different cases: when chlorophyll a collected on GF/C filters was < 0.2 mg m-3, only 60 to 70 % were retained on Gelman filters, and when GF/C chlorophyll a was > 0.2 mg m-3i then 85 to 100 YO were retained on Gelman filters. This will be considered for interpreting results, but data were not corrected.
The downwelling quantum irradiance was measured every day at about 1300 h (local time) with a Lambda quantameter. Total incident radiation was recorded from a Pyranometer (Kipp and Zonen). Light received by samples during incubation (PAR: Photosynthetically Available Radiation) was calculated according to Jitts et al. (1976) .
RESULTS

Nitrate uptake
Results from 2 stations representative of 2 different typical situations are presented in Fig. 1 . Environmental and experimental conditions were quite similar. Both thermoclines and nitraclines are nearly superposable, but at Stn 3 chlorophyll was much richer than at Stn 13. Consequently, the maximum of carbon fixation is well marked in the one case, where chlorophyll is abundant, but not in the other. Profiles of carbon fixation and nitrate uptake are similar, and this was observed at every station. In a previous paper, we have shown from the same samples that a single equation. was sufficient to describe the relation between productivity index (mg C mg-' Chla h-') and available radiation in the euphotic zone, not only for each day of the SOP cruise, but also for CIPREA 2 (at O" and 2 ON), CIPREA 4 and CIPREA 5 cruises (Le Bouteiller & Herbland 1984) . This means that in the eastern part of the equatorial Atlantic ocean, a single determination of the chlorophyll a concentration provides an excellent description of the potential primary production of that sea-water. For an incident light intensity close to the average, the amount of carbon fixed during daytime can be precisely predicted from the chlorophyll content by means of very simple empirical relations.
Depth of the euphotic layer and incident radiation did not change very much from one station to another, . Stn 12 (SOP cruise) excepted (Table 2) . Under these conditions, direct comparison o€ all the production data is of significance. So, all the nitrate uptake rate data from the 24 in situ experiments listed in Table 1 will be considered as representative of a single system. When p (NO;) is compared to Chla for samples containing nitrate (ambient NO, > 0.1 pmole), a very good relation is obtained ( (Fig. 3) . The representative point of Stn 12 [SOP cruise) is clearly below the curve, undoubtedly because of the low sunshine that day (Table 2) . When integrated over the whole euphotic layer, the absolute nitrate uptake rate varies from 0.09 to 0.40 mmole m-' h-' according to the chlorophyll abundance (depth of Table 3 . Spearman rank correlation coefficients between
Chla, PAR, ambient NO; and temperature for the same set of samples as in Fig. 2 (74 degrees of freedom). P is level of significance (Table 3) , even if I5NO; addition is considered.
In the mixed layer where NO, < 0.05 p o l e , a maximum nitrate uptake rate is obtained with an addition of 15NO; varying from 0.2 to 9 mmole m-3. On the average, p (NO;) = 0.0016 mmole m-3 h-l for a mean chlorophyll concentration of 0.11 mg m-3 (Table 4) . p (NO;) is correlated to the available radiation (Table 3) . However, p (NO;) is an absolute uptake rate whereas a specific uptake rate is more adequate for studying the influence of environmental factors. V(N0;) is a specific nitrate uptake rate directly provided by the I5N method. Its variations are similar to those of p (NO;) ( Table 3) : V(N0;) is strongly correlated to the chlorophyll biomass and also to the light, However, the estimate of V(N0;) is known to be influenced by the amount of non-phytoplanktonic particulate organic nitrogen present in the sample (Dugdale & Goering 1967) . This could explain the relation between V(N0;) and Chla (Table 3) .
The effect of non-phytoplanktonic PON cancels when p (NO;) is calculated (Dugdale & Goering 1967) . To get a specific transfer rate, the nitrogen uptake rates were divided by Chla, as was done by Eppley et al (19?9) , McCarthy et al. (1982) and Kanda et al. (1985) . Thus is obtained a nitrate uptake index (mole N g-' Chla h-') which is similar to the productivity index (g C g-'Chla h-I). Calculations show that the nitrate uptake index is significantly correlated to the available radiation (Table 3) but not to the nitrate concentration. When the whole euphotic layer is considered (surface excepted), the light effect on nitrate uptake is clearly evidenced (Fig. 4) . During experiments, light conditions varied only in a small range from day to day (Table 2) . So, no difference of light influence on nitrate uptake by phytoplankton could be detected between cruises. Data from samples without detectable nitrate in the water are included in Fig. 4 . However, the relation calculated without data from the mixed layer is not statistically different. <10 pE m-' s-' , the nitrate uptake was found to be close to zero, which occurred below the euphotic layer (relative radiation <1 YO) or when the incident radiation was low (for example, Stn 12, SOP cruise: a mean radiation of 10 pE m-' s-' was received by the sample incubated at 35 m depth).
When
Due to the use of in situ incubations, the temperature effect on nitrate uptake cannot be separated rigorously from the light effect. Schematically, light and temperature both decrease with depth. As a consequence, the nitrate uptake index is highly correlated to both light and temperature (Table3). When plotted against temperature (Fig. 5 ) the nitrate uptake index shows variations very similar to those observed with PAR (Fig. 4) . However, in the mixed layer, the nitrate uptake index clearly decreases only with light, not with temperature (Table 5 ). In this case, the amount of available radiation is the controlling factor. As when NO, > 0.1 pmole at surface, the nitrate uptake index is also maximum just above surface in nitrate-depleted waters. From the top to the bottom of the euphotic layer, the nitrate uptake index surely varies in a rather wide range with PAR, but the respective influences of light and temperature are still unknown in this area.
Ammonium uptake
Results from experiments with ammonium as a tracer provide evidence of the prime effect of I5NH: enrichment on NH; uptake rates.
In-the mixed layer, the specific ammonium uptake rate V(NH:) is closely coupled to the amount of tracer introduced (Fig. 6 ). When 15NH: addition changes from 0.02 to 3.6 mmole m-31 V(NH:) increases from 0.0015 to about 0.020 h-'. In the calculations of V(NH:), we have considered that ambient NH: was O when the analysis indicated a value < 0.05 pmole in the nitrate-depleted layer. As a result, the y-intercept of the curve (Fig. 6) vs available radiation. PAR < 500 pE m-'s-'.
The regression line computed with all data has the following equation: The effect of "NH: enrichment is also clearly evidenced on vertical profiles of p (NH:) from surface to the bottom of the euphotic layer. For example, samples collected at Stns 2 and 7 (SOP cruise) were enriched with 0.09 and 3.57 mmole NH: m-3 respectively. The ammonium uptake rates at Stn 7 are about $-fold greater than those at Stn 2 (Fig. 7) . Like carbon fixation and nitrate uptake, p (NH:) seems to be coupled to the chlorophyll biomass (Fig. 7) . The maximum value of p (NH:) would be at the level of or just above the chlorophyll maximum. Among the 60 samples (8 stations) with in situ NH: uptake measurements considered here, only 2 contained more than 0.1 pmole of natural ammonium. V(NH:) estimate was then higher in both these samples, which is an @dication of the ammonium uptake enhancement when NH: becomes detectable in the water. However, this result based upon only 2 data is not really conclusive.
< 0.05 ymole) showed that urea uptake rate seems of the same order of magnitude as expected for NH: uptake with a similar 15N enrichment.
The light effect upon ammonium uptake within the euphotic layer is not well evidenced with our data. However, p (NH:) seems to decrease at depth for a constant I5N addition (Fig. 7) . The ammonium uptake index (mole NH: gbl Chla h-') was often observed maximum at subsurface, like the nitrate uptake index.
One station with urea as a tracer (ambient urea .
Size fractionation
Several size fractionation experiments were performed with water sampled in the chlorophyll maximum at the top of the nitracline and incubated on deck under simulated i n situ conditions. Results indicate that phytoplankton of the < 3 pm fractions presents a lower affinity for nitrate than larger cells contained in the < 35 pm and < 200 pn fractions (Fig. 8, experiments with prescreened subsamples (< 200 pm, < 35 pmt < 3 P-4 Table 6 ). Inversely, the same experiments carried out in the same conditions with NH: as a tracer lead to an exactly opposite observation: the ammonium uptake index seems higher in the fraction which contains only the < 3 pm phytoplankton cells than in the other ones (Fig. 8) . 
NH:
DISCUSSION
In waters containing more than 0.1 pmole of nitrate, the nitrate uptake rate p (NO;) is directly related to the chlorophyll a concentration (Fig. 2) . This result was obtained under environmental conditions as good as possible for using the I5N method in the open ocean: relatively high phytoplankton biomass (Chla > 0.2 mg m-3) and nitrate concentration easily measurable. Therefore, at every depth of the nitracline, for one given PAR, new production primarily depends on Chla. Similarly, values integrated by surface unit show the same trend (Fig. 3 ) .
Carbon fixation is also closely coupled to Chla (Le Bouteiller & Herbland 1984) . Consequently, p (NO;) is highly correlated to the carbon fixation (r = 0.89, correlation coefficient calculated on the same set of samples as in Fig. 2) .
Ambient NO, concentration ranged from 0.1 to 8.2 pmoles in samples considered here (Table3). However, the nitrate uptake index is not correlated to the nitrate concentration (Table 3 ) even if 15N enrichment is considered. Consequently, nitrate availability would be most often sufficient in these waters for achieving a nearly maximum p(N0;).
By contrast, the effects of light supply are well evidenced (Fig. 4) , although more or less coupled with the temperature effects (Table 3, Fig. 5 ). Temperature is known to control a number of physiological processes and to set an upper limit on phytoplankton growth rate (Eppley 1972) . Data reported by Kanda et al. (1985) suggest that temperature influences nitrate uptake at surface in the Pacific ocean. If we suppose a Qlo close to 2 for the nitrate uptake rate (Eppley 1972 , Glibert et al. 198213, Raimbault 1984 , variations of the nitrate uptake index reported here would be due in equal parts to both light and temperature (Fig. 4 & 5) .
If new production p (N03) and total production pC are both strongly related to the chlorophyll biomass, does the ratio new/total production also vary with Chla and with carbon fixation, as suggested by Eppley & Peterson (1979) , Harrison (1980) and Eppley (1981) ? Comparison of the ratio pC/p(NO;) with Chla (Fig. 9) shows that the higher values are obtained in chlorophyll-poor waters, either at surface in the mixed layer (PAR > 200 pE m-2 s-' ) or below the Chl-a maxirnum (PAR < 50 pE m-2 s-l). Conversely, the lower values are observed within the chlorophyll maximum, whatever its depth may be. Exactly the same trend is seen when the ratio pClp(N0;) is compared to total production instead of Chla.
So, the share of new production in total production increases with the phytoplankton biomass, but not directly with the amount of nitrate or PAR. This result has required the use of 5 different methods, each of them inevitably imperfect (14C and 15N-NO; uptake, particulate nitrogen and chlorophyll concentration, ambient nitrate). For example, the use of Gelman filters for PON measurements probably has under-estimated nitrate uptake by comparison to carbon fixation measurements with Sartorius filters. Isotope dilution resulting from NH: remineralization during incubation was not determined (Harrison 1978 , Glibert et al. 1982a , Garside 1984 . In the same way, the possible effect of multiple simultaneous nitrogen sources was not considered in the calculations (Collos pers. comm.) . Excretion of dissolved organic nitrogen was not estimated (Collos & Slawyk 1983 , Laws 1984 . A l l these biases would yield under-estimates of p (NO;) in oligotrophic waters for small tracer additions, whereas 15N enrichments by contrast would tend to enhance uptake rates in such waters (Harrison 1983) . However, the ratio pC/p(NO;) also decreases when Chla increases in nitrate rich waters where artefacts are minimized. So, the order of magnitude and the main tendency may be reasonably considered as close to reality: the rate of new production by nitrate uptake would be effectively much higher in chlorophyll rich waters than in poor ones.
Assuming that in this ecosystem, growth rate of phytoplankton is close to the maximum growth rate, the uptake ratio C/N may be considered as close to the classical Redfield composition ratio C/N = 6.6 (Goldman et al. 1979) . Then the phytoplankton nitrogen requirements can be calculated from carbon fixation data. however satisfies only about 25 YO of the estimated nitrogen needs. Consequently, one may reasonably conclude that, although roughly estimated, the share of new production in total production probably never predominates in this region, even when surface waters are nitrate rich, as for example during CIPREA4 cruise.
When extrapolated for NO, < 0.1 pmole, the regression line calculated between p (NO;) and Chla within the nitracline suggests that only low, if any, nitrate uptake occurs in the nitrate-depleted mixed layer (Fig. 2) . However, from 23 measurements of p(N0;) performed in the mixed layer with 15NO; additions exceeding 0.2 mmole r ñ 3 , a mean p (NO,) of 0.0016 mmole m-3 h-' was achieved (Table 4 ). This value is high since 2 or 3-fold greater than those recently reported by Kanda et al. (1985) in the eastem tropical Pacific for similar chlorophyll concentrations and water temperature. Experimental conditions were quite different: Kanda et al. (1985) used 2 1 flasks incubated for 3 h under a constant illumination of 270 pE m-2 s-' whereas our incubations were carried out in situ from sunrise to sunset in 6 or 11 1 bottles. The productivity indexes calculated by Kanda et al. (1985) for the same samples ranged from 3.0 to 5.1 g C 9-l Chla h-'. These values are much lower than those calculated from Table 4 data. Hence, the natural assemblages of phytoplankton could have very different physiological responses according to the experimental proceedings and from one oceanic region to another. For example, Laws et al. (1984) reported productivity indexes ranging from 7.4 to 15.5 g C g-lChla h-l in oligotrophic waters off Hawaii, at a position situated near one of the stations occupied by Kanda et al, (1985) .
However that may be, the I5N method, when applied with high 15N additions in nitrate poor waters, provides only a potential maximum nitrate uptake rate, but the accurate nitrate flux in the mixed layer remains unknown, although suspected byjother methods (Klein & Coste 1984 , Garside 1985 .
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Undoubtedly, one major problem using the I5N method in the field consists in estimating the actual nitrate or ammonium uptake rate in oligotrophic waters (McCarthy 1980 , Goldman & Glibert 1983 ). When ambient nitrate or ammonium concentration is close to or below the level of analytical detection, a true trace enrichment of the substrate is sbj.ctly impossible (Goldman 1980 , McCarthy 1980 , Glibert & Goldman 1981 ). The addition of labelled substrate inevitably changes the nutrient availability and hence the uptake rate (Dugdale & Goering 1967 , Eppley et al. 1977 , Harrison 1983 ). As reported above, our results of ammonium uptake rate depend directly on the amount of tracer added. Ambient NH: concentration was generally lower than 0.05 pmole, which is the common situation in the open ocean.
However, an important item of information obtained for a constant l5NH; addition is that the ammonium uptake index seems to be related to the available radiation. During CIPREA 4 cruise, the amplitude of diel variations of chlorophyll a and the rate of Chlorophyll synthesis were both maximum between 15 and 30 m and decreased downwards . Phosphate uptake was also observed maximum at subsurface during SOP and CIPREA 2 cruises and decreased at depth (Herbland 1984) . Growth rate was estimated higher in the mixed layer than in the chlorophyll maximum (Herbland & Le Bouteiller 1983) . The productivity index systematically presented a peak at 5 to 15 m (analysis of 31 profiles of p C/Chla from SOP, CIPREA 2, CIPREA 4 and CIPREA 5 cruises), whether nitrate is abundant at surface or totally undetectable, and was strongly related to the available radiation (Le Bouteiller & Herbland 1984) . We have seen above that the nitrate uptake index was also significantly correlated to PAR (Fig. 4) . So, various indexes of phytoplankton metabolic activity and growth rate, such as photosynthesis, chlorophyll a synthesis, phosphate, nitrate and ammonium uptake, appear to be closely coupled to the amount of available light but not directly to nitrate or chlorophyll a concentration. If all these processes primarily depend on PAR, it means that there would exist a vertical gradient of the average growth rate of phytoplankton, mainly controlled by PAR but also probably by temperature. A striking point to be noted is that this growth rate vertical gradient would exist not only in the nitrate rich layer of the euphotic zone, but also in the mixed layer. Although the mechanisms of phytoplankton production and the structure of the food web in the nitracline are probably rather different from those in the mixed layer, the various methods used here for estimating this production do not permit showing any clear difference of production efficiency between the 2 layers. If confirmed by other studies, this result signifies that Lf growth rate seems maximum in the well-lighted surface layer, by contrast the share of new production in total production is very low in oligotrophic waters and maximum in the chlorophyll maximum (Fig. 9) . This means that the phytoplankton affinity for nitrate changes from chlorophyll poor waters to rich ones. The size fractionations presented here have shown that phytoplankton of the < 3 pm fraction would assimilate preferentially ammonium whereas nitrate would be taken up by the larger cells (Fig. 8) . The same trend has been observed on the < 1 pm fraction compared to the total fraction by Harrison et al. (1983) in the Middle Atlantic Bight. These observations have a major significance when compared to the size distribution of phytoplankton biomass. As shown previously, the percentage of > l pm and > 3 pn Chla increases with total chlorophyll concentration in this region (Herbland & Le Bouteiller 1981) . The higher the chlorophyll concentration, the more relatively numerous are the > 3 ym phytoplankton organisms. Moreover, Herbland et al. (1985) reported that in the nitrate-depleted layer of the Equatorial Atlantic ocean, 71 YO of the total Chla on the average belong to the < 1 pm size fraction. As soon as NO; 2 0.1 pmole in sea-water, this percentage decreases under 50 YO: the bulk of Chla is then contained in > 1 pm particles.
Hence, ammonium would be mainly taken up by picoplankton which domin'ates in the mixed layer but
represents also a considerable percentage of the total phytoplankton within the nitracline. Nitrate by contrast would be assimilated preferentially by larger cells which are specially numerous in the chlorophyll maximum.
We have seen above that nitrate assimilation represents at best 25 % of the nitrogen needs. Hence, from 75 to nearly 100 % of the nitrogen requirements woula be satisfied by other forms of nitrogen than nitrate. Though barely detectable, ammonium is known to be the major source of nikogen in oligotrophic waters (Dugdale & Goering 1967 , MacIsaac & Dugdale 1972 . The supply of ammonium excreted by microzooplankton and bacteria (Harrison 1980) would be sufficient for phytoplankton to maintain nearly maximum growth rates , Glibert et al. 1982a ). Other nitrogen compounds, though less important, also have been considered as useful nitrogen sources: N2 is fixed by cyanobacteria and Oscillatoria (Carpenter 1983) . Urea (McCarthy 1972 , Herbland 1976 , present study) and other dissolved organic nitrogen forms are assimilated by phytoplankton ( P a d 1983 , Jackson &Williams 1985 . During CIPREA 1 cruise (Sep 1978) , from 6 to 10 pmoles of dissolved organic nitrogen were measured in the mixed layer at the position (O' , 4 OW) (Voituriez 1980) . However, several recent works have demonstrated that in oligotrophic waters, ammonium regenerated in situ accounted for virtually all the primary production requirements (Caperon et al 1979 , Harrison 1980 , Glibert et al. 1982a ). So, one major point to be stressed is the fact that schematically, not only in the mixed layer but also within the nitracline, the principal process of nitrogenous nutrition of phytoplankton in this area would be ammonium uptake by picoplankton.
CONCLUSION
In the open equatorial Atlantic ocean, at more than 300 nautical miles off Africa, far from all island mass effect (Dandonneau & Charpy 1985) , a detailed study of primary production has shown that the chlorophyll a concentration provides nearly all the information required not only to predict primary production in term of carbon, but also to estimate new production by nitrate uptake for a mean incident radiation. Within the nitracline, nitrate uptake increases not directly because of the nitrate abundance but because of higher Chla concentration: p (NO;) is maximum at depth of Chla maximum and not in the nitrate richest waters (Fig. 1) . Hence, depth distribution of chlorophyll a would be the first parameter to be known accurately for modelling global fluxes of carbon and nitrogen in the open ocean.
Although important day-to-day variations of biomass and production occurred according to rapid changes of the nitracline depth due to the south-north oscillations of the equatorial current system , the ratio of new to total production was always low, less than 0.25, and directly related to Chla, not to NO, concentration. Recently, Platt & Harrison (1985) used results obtained on the continental shelf of the Middle Atlantic Bight by Harrison et al. (1983) to compute new production from NO, data in the Sargasso Sea. The present study suggests that such an extrapolation would be impossible in the eastern equatorial Atlantic ocean.
If regenerated production widely predominates at every depth of the photic zone, even in the presence of nibate, a close coupling between remineralization, production and consumption is necessarily achieved to maintain biomass distributions (Walsh 1976 , Le Borgne 1981 , Voituriez & Herbland 1984 . If furthermore several indexes of production efficiency and growth rate appear to not depend directly on ambient nitrate, then not surprisingly growth rate would be mainly controlled by both light and temperature. Production at every depth would vary primarily with both biomass and growth rate.
